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Quantum critical points (QCPs) are widely accepted as a source of a diverse set of collective quantum
phases of matter. A central question is how the order parameters of phases near a QCP interact and
determine the fundamental character of the critical dynamics which drive the quantum critical behavior.
One of the most interesting proposals for the quantum critical behavior that occurs in correlated electron
systems is that the behavior may arise from local, as opposed to long wavelength, critical fluctuations of
the order parameter. The local criticality is believed to give rise to energy over temperature (E/T) scaling
of the dynamic susceptibility with a fractional exponent near the quantum critical point (QCP). Here we
show that E/T scaling is indeed observed for CeCu6−xAgx but on closer inspection, the fluctuations can
be separated into two components, implying that multiple order parameters play an important role in the
unconventional critical behavior. Additionally, when the fluctuations corresponding to the magnetically
ordered side of the phase diagram are separated, they are found to be three dimensional and to obey the
scaling behavior expected for long wavelength fluctuations near an itinerant antiferromagnetic QCP.
The QCPs found in heavy fermion materials serve as
prototypes of quantum criticality1–3. However, several
fundamental characteristics remain unexplained pre-
venting a general understanding of quantum critical phe-
nomena. For example, in several heavy fermion QCPs,
heat capacity measurements suggest that the effective
mass of the quasiparticles diverges logarithmically1,4–8.
Furthermore, in UCu5−xPdx and CeCu6−xAux, energy
over temperature (E/T) scaling of the critical dynamics
demonstrates the equivalency of E and temperature T
at a QCP. Beyond these cases, E/T-scaling provides a
stringent test of theories across a spectrum of quantum
materials including highly frustrated magnets, spin liq-
uids, high Tc superconductors, non-Fermi liquid behav-
ior, and quantum phase transitions9–13. In CeCu6−xAux,
E/T scaling is found with an unusual fractional expo-
nent, which also appears in the temperature dependence
of magnetic susceptibility14,15, indicating that the QCP
is much different from the conventional framework pro-
posed by Hertz, Millis, and, Moriya (HMM)16–18. Re-
cently, the debate as to the understanding of these phe-
nomena has intensified19–26. This renewed debate is par-
ticularly significant since the hallmark of the unconven-
tional quantum criticality, the unusual E/T scaling, is ex-
plained by disparate mechanisms such as the breakdown
of a local energy scale19–21, coupling between quasiparti-
cles and order parameter fluctuations22,23, or by topolog-
ical excitations24,25. As E/T scaling of the dynamic sus-
ceptibility is almost universally used to validate theories
of quantum criticality, additional more stringent experi-
mental tests are essential.
Here, we approach the aforementioned questions by
studying the spin dynamics of the QCP composition
CeCu5.8Ag0.2. The compound series CeCu6−xAgx is a
member of a family of materials based on the heavy
fermion compound CeCu61, which serves as an important
prototype of unconventional QCPs1,27. At larger values
of x, long ranged antiferromagnetic order is observed in
CeCu6−xAgx, which is characterized by amplitude modu-
lated Ce−moments with an incommensurate wave-vector
Q = (0.65 0 0.3)27,28. At the QCP, CeCu5.8Ag0.2 dis-
plays a logarithmic divergence of the heat capacity over
temperature (C/T) suggesting physics beyond the HMM
model1. Additionally, the divergence of the Grüneisen ra-
tio is much weaker than the predictions of HMM model1.
Hence, CeCu5.8Ag0.2 provides an ideal model system to in-
vestigate the microscopic origins of the quantum critical
behavior.
In this paper, we present a detailed investigation of
the quantum critical behavior of CeCu5.8Ag0.2 using state
of art inelastic neutron scattering (INS) spectroscopy.
Scaling analysis of the imaginary part of the dynamic
susceptibility, χ" as a function of T and energy transfer,
E is performed over a large region of reciprocal space.
χ" at various momentum transfers (Qs) is described
by a single phenomenological equation which yields an
unusual scaling exponent, α = 0.73(1) demonstrating
unconventional QCP behavior. Further analysis of the
fluctuation spectrum reveals the presence of fluctuations
at multiple reciprocal space positions. Once separated,
the fluctuations occurring at reciprocal space positions
corresponding to magnetic order are found to be three
dimensional and can be scaled according to the predic-
tions of HMM theory. This suggests that the interplay
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FIG. 1. Constant energy slices of the INS data from
CeCu5.8Ag0.2 collected with CNCS. (A-D) The E dependence of
the scattering in (H 0 L) scattering plane at 0.25 K. (E-H) The T
dependence of the magnetic scattering in the interval E = (0.1,
0.3) meV. In all panels, data collected at 50 K is used as the
background and is subtracted from the data. Each pixel in the
plot represents the integrated intensity in the area of dimension
(0.05)2 r.l.u.2. r.l.u. denotes reduced lattice units.
of multiple order parameters play an important role
in the quantum critical behavior in the class of QCPs
exemplified by CeCu6−xAux and CeCu6−xAgx.
Results
Magnetic Scattering. Sample preparation and the in-
elastic neutron scattering (INS) measurements are de-
scribed in the Methods section and additional details
are given in the supplementary information (SI)30. Sev-
eral methods were used to extract the magnetic signal
from the measured spectra, the details of which are de-
scribed in the SI30. The results obtained from all meth-
ods are similar, providing confidence in the determina-
tion of magnetic scattering and subsequent analysis. In
addition, thermodynamic measurements show that heat
capacity over temperature (C/T) logarithmically diverges
with temperature, indicating that the sample is close to
the QCP (Fig. S2).
Figure 1 shows the evolution of the magnetic scattering
in the (H 0 L) scattering plane with E and T. Magnetic
scattering is observed in the form of a diffuse pattern cen-
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(B) 0.3 K, E = 0.25 meV
FIG. 2. Inelastic neutron scattering data collected with MACS
at 0.3 K with 50 K data subtracted to remove background. (A)
Constant E slice at 0.25 meV showing the magnetic scattering in
the (H K 0) scattering plane. Each pixel in the plot represents
the integrated intensity in the area of dimension 0.052 r.l.u.2.
(B) Cut along (1 K 0). The green and blue dotted lines represent
fits of the Lorentzian function to the fluctuations centered at Q
= Q = (1 0 0) and (1 ±1 0), respectively. The red line is the sum
of Lorentzian components.
tered at Q=(100). The intensity of the scattering is max-
imum at (100) but does not strongly vary in the nearby
region of reciprocal space. With increasing E, the inten-
sity of the scattering decreases and becomes more diffuse
as shown in Figs. 1(A-D). A qualitatively similar situation
arises with increasing T. As shown in Figs. 1(A,E-H), the
pattern of scattering remains essentially unchanged until
1 K but becomes more diffuse at higher temperatures. A
more detailed analysis is presented in the following sec-
tions.
Figure 2 shows the scattering in the (H K 0) scattering
plane. In addition to the magnetic scattering described
above, scattering centered at (0 1 0) (Fig. 2(A)) is ob-
served. The correlation length along the b-axis was
determined with a fit of a Lorentzian function to a cut
along (1 K 0), which is shown in Fig. 2(B). The fit yields
ξb = 28(1) Å which, as discussed in more detail below, is
comparable to the real space correlation lengths in the
ac−plane.
E/T-scaling. For a more quantitative analysis of the
magnetic scattering, we use the same phenomenology
used previously to examine the critical dynamics of
CeCu5.9Au0.114,15. This phenomenology relates the mag-
netic susceptibility with E, T, and Q and is rooted in the
Curie-Weiss law14. Within this picture, the dynamic sus-
ceptibility, χ(Q,E,T) can be written as,
χ(Q,E,T)= C
θα+ (T− iE)α (1)
where θ(Q−Q0) captures the wave-vector dependence of
the magnetic fluctuations similar to the Curie-Weiss tem-
perature. α is a scaling exponent independent of Q, T,
and E. The mean field limit is given by α = 1. This
equation yields E/T scaling at the critical wave-vector and
E/θ(q)- scaling at zero temperature14.
To make contact with the above picture, χ"
was extracted from the INS measurements using
30.5
1
1.5
(A) Q = (1, 0, 0)
4 K
2 K
1 K
0.5 K
0.33 K
0.25 K
0.6 0.8 1
α
2
2.5
3
χ
2
(F)
0.5
1
1.5
χ
′′
T
0.
73
(a
rb
.
u
n
it
s)
(B) Q = (1.3, 0, -0.3)
4 K
2 K
1 K
0.5 K
0.33 K
0.25 K
0 1 2 3
q2(r.l.u.)2
0
0.2
0.4
θ
(m
eV
1/
α
)
(D)
100 101 102
E/T
0.5
1
1.5
(C) Q = (1.5, 0, -1.3)
4 K
2 K
1 K
0.5 K
0.33 K
0.25 K
100 101 102 103
E/θ
0
1
2
χ
′′
θ
0.
73
(E)
FIG. 3. Scaling analysis of CeCu5.8Ag0.2. (A-C) χ′′Tα scaled as
a function of E/T in different regions of reciprocal space. The
solid lines are a fit of eq. (1) to the data. A global fit of eq.
(1) yields the scaling exponent α=0.73(1). (D) q-dependence of
θ determined from the fit shown in (A-C). Near q = Q−Q0 =
0, θ(q) ≈ q2 (red line). (E) χ" at 0.25 K scaled as a function of
E/θ(q). χ" at different Qs collapses onto a single curve showing
E/θ(q)-scaling. Each color represents a point in the (H 0 L) scat-
tering plane. The solid line is a fit of eq. (1) at zero T to the data.
(F) The variation in the goodness of fit parameter χ2 with α.
the fluctuation dissipation theorem, χ′′(Q,E,T) =
pi(1 − exp(− EkBT ))S(Q,E,T), where S(Q, E, T) is the
dynamic structure factor measured by INS. The quantity
θ(Q−Q0) was included as a fitting parameter without
assumption of a particular functional form. A global fit of
the imaginary part of equation (1) was performed to χ" at
various Q,T,E. The fit yields α = 0.73(1) (see Fig. 3(F) for
α as a function of the goodness of fit). The measurement
and fit for several regions of the (H 0 L) scattering plane
are presented in Fig. 3(a-c). For ease of comparison,
χ′′Tα versus the dimensionless ratio E/T is plotted.
Consistent with eq. (1), χ" at several temperatures
collapses onto a single curve displaying E/T scaling at
Q0 = (1 0 0), which is the center of the diffuse structure
(Fig. 3(A)). The overlap becomes less pronounced as the
magnitude of q = (Q−Q0) increases. The deviation from
E/T-scaling at higher q is captured by the θ(q) term of
eq. (1). The values of θ(q) as a function of q = |Q-Q0|
are presented in fig. 3(D), which shows that θ(q) varies
quadratically near the center of the pattern (q = 0). As
an alternative test, we performed E/θ(q) scaling at 0.25
K. As shown in Fig. 3(E), χ" at 0.25 K is well fit by eq.
(1) and the quantity χ′′(θ(q))−α at different qs collapses
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FIG. 4. Parametrization of the diffuse magnetic scattering as
a superposition of two independent magnetic fluctuations. (A)
Constant energy slice at 0.25 K averaged over E =[0.15,0.25]
meV after subtraction of data collected at 50 K as a background.
(B) The fitted pattern of two Lorentzians to the constant energy
slice shown in (A). (C) and (D) show separately the two fluctua-
tions (Q1 =(0.65 0 0.3) and Q2 = (1 0 0) respectively) contribut-
ing to (B). (E,F) Cuts along (E) (H 0 0) and (F) (0 0 L) with E
= [0.15,0.25] meV. The red line is the fit of two Lorentzian func-
tions as described in the text. The green and blue dotted lines
represent the contribution from the magnetic fluctuations cen-
tered at Q1 and Q2, respectively. Horizontal bars (cyan) indicate
instrumental resolution.
onto a single curve. The observed E/T scaling with the
exponent 0.73(1) implies that the QCP is unconventional.
This observation is very similar to the related system
CeCu6−xAux14,15. The similarity of the E/T scaling shown
here, thermodynamic properties8,31,32, and microscopic
details of the magnetic order27,33 demonstrate that the
QCP in CeCu6−xAgx is virtually identical to the QCP in
CeCu6−xAux and thus the conclusions drawn here should
have broad implications.
Multiple fluctuations. A central question concern-
ing the nature of the quantum critical behavior in
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FIG. 5. Spectral weights of (A) Q1 = (0.65 0 ±0.3) (B) Q2 = (1 0
0) extracted from the fit of 2D-Lorentzian function. (C) Scaling
analysis of the component of χ" near Q1 using the HMM ap-
proach. This component of χ" is extracted from the fit of a sum
of overlapping Lorentzians as shown in Fig. 4.
CeCu6−xAgx is: What type of spin-spin correlations in real
space give rise to a butterfly shaped pattern and the ob-
served E/T scaling? The magnetic order in CeCu6−xAgx is
incommensurate with a wave-vector Q1 = (0.65 0 0.3) and
is nearly independent of Ag composition27. Hence, the
critical scattering is expected at the wave-vector (0.65 0
0.3) and equivalent positions in reciprocal space, e.g. (1.35
0 0.3). However, fluctuations at only these spots are incon-
sistent with the maximum intensity occurring at Q2 = (1
0 0). This implies that there is at least one other compet-
ing fluctuation centered at the wave-vector Q2 = (1 0 0).
The overlap of these two fluctuations renders the peculiar
pattern of diffuse magnetic scattering. There is a natu-
ral relationship between these two types of fluctuations,
with the fluctuation at (100) reflecting the tendency for
commensurate rather than incommensurate order.
For a more comprehensive understanding of the criti-
cal fluctuations, the data in the (H 0 L) scattering plane
was parameterized with a set of two-dimensional (2D)
Lorentzian functions with the following form:
y= A
1+ (ξ2∥ cos2θ+ξ2⊥ sin2θ)[(QH −QH0)2+ (QL−QL0)2]
(2)
Here, ξ∥ and ξ⊥ are the components of the real space
correlation lengths parallel and perpendicular to an ar-
bitrary axis. θ0 is the angle between the arbitrary axis
and [H 0 0] in reciprocal space. Each Lorentzian is cen-
tered at a wave vector Q= (QH0,0,QL0). θ measures the
angle between the wave-vector q= (QH−QH0, 0, QL−QL0)
and the arbitrary axis. A sketch showing the geometry in
reciprocal space is shown in S530. Two sets of Lorentzian
functions were used, one corresponding to Q1 and symme-
try equivalent wave-vectors and the other to Q2.
This parameterization provides a good description of
the data for all temperatures and energy transfers and
shows that the overlap of the fluctuations at Q1 and Q2
renders the peculiar pattern of diffuse magnetic scatter-
ing. An example at 0.25 K is shown in Fig. 4(B), which
consists of the 2D-Lorentzian components corresponding
to Q1 and Q2 (Fig. 4(C) and 4(D) respectively). Cuts are
also shown in Fig. 4(E,F). The correlation length and the
spectral weight of each fluctuation are estimated from a
fit of eq. 2 to the constant E slices cut as a function of
temperatures and energy transfer. The spectral weight
of Q1 is shown in Fig. 5 (A), which shows that the
fluctuation at Q1 is quasielastic. The correlation lengths
along parallel and perpendicular axes are of the same
order over the entire spectrum30. At 0.25 K and 0.2
meV, parallel, ξ∥, and perpendicular, ξ⊥, components of
the correlation lengths of the fluctuation at Q1 are 47(2)
Å and 69 (3) Å, respectively. The correlation lengths
being of the same order of magnitude indicates that the
fluctuation at Q1 is clearly three dimensional. On the
other hand, the fluctuation at Q2 appears to be inelastic
with a small gap (Fig. 5(B)). Similarly, the components of
correlation lengths for the fluctuation at Q2 along the a
and c-axis are ξa=35(3) and ξc=9.3(5) Å.
Critical Behavior. Taken together, the measure-
ments show at least three distinct spin fluctuations in
CeCu5.8Ag0.2: Q1 = (0.65 0 0.3), Q2 = (1 0 0), and Q3 = (0
1 0). All three of these fluctuations occur on energy scales
that influence the observed critical behavior. Understand-
ing the critical behavior of this rich fluctuation spectrum
is thus important. Here we focus on the critical behavior
of the fluctuations Q1 and Q2, since these are most closely
related to each other and to the magnetically ordered re-
gion of the phase diagram. There is a natural relation-
ship between these two types of fluctuations: both fluctu-
ations represent the tendency to form antiferromagnetic
order with Q1(Q2) reflecting the tendency for incommen-
surate (commensurate) order. The most straightforward
expectation is that critical fluctuations should be found at
Q1 as this corresponds to the wave vector of the antifer-
romagnetically ordered side of the QCP27. The parame-
terization discussed above allows the energy dependence
of scattering at Q1 and Q2 to be examined. The fluctua-
tions centered at Q1 (Fig. 5(A)) appear to be quasielastic,
whereas the fluctuations centered at Q2 (5(B) appear to be
inelastic with a small energy gap. This is in accord with
the observed incommensurate antiferromagnetic ground
state associated with Q1 as opposed to a commensurate
antiferromagnetic ground state associated with Q2. It is
interesting that the commensurate fluctuations at Q2 are
observed in the parent compound CeCu6 and thus may
play an important role across a broad region of the phase
diagram34,35.
Having determined that the magnetic scattering in
CeCu5.8Ag0.2 comprises the critical fluctuations at Q1 in
addition to the fluctuations at Q2 and Q3, we now analyze
the critical part of χ" as a function of E and T. For a 3D
QCP, the HMM model predicts that χ" scales as a function
of E/T3/236,37. When only the critical part of χ" is scaled
as a function of energy and temperature, E/T3/2-scaling
is observed in CeCu5.8Ag0.2. As shown in Fig. 5 (C),
5the quantity χ′′T3/2 at different temperatures collapses
onto a single curve which can be fit with the equation
χ′′ = T−3/2 f (E/T3/2). This illustrates that at least a
portion of the fluctuation spectrum of CeCu6−xAgx is
consistent with the HMM model.
Discussion
There are important implications of the above analysis.
Firstly, while the E/T scaling as well as the anomalous
exponent of 0.73 is tantalizingly close to the expectations
of several theoretical models19,22–25, the critical magnetic
fluctuations being 3D suggests that these models are
inapplicable to the QCP studied here. Second, the E/T3/2
scaling of the critical fluctuations indicates that long
wavelength fluctuations of the order parameter play
an important role, but the presence of other distinct
spin fluctuations in the spectrum raises the prospect of
coupling between order parameters.
One of the important puzzles in the study of QCPs is
that field tuned QCPs in CeCu6−xTx (T = Ag, Au) are
characteristically different from the composition tuned
QCPs31,36,37. The composition tuned QCPs in CeCu6−xTx
are unconventional14,15,31, while the field tuned QCPs
in both systems appear to adhere to the framework of
three dimensional HMM model36,37. This dependence
on tuning parameter is possible if the magnetic fluctua-
tions undergo a dimensional crossover (from 3D to 2D)
approaching the composition tuned QCP. However, there
is no reason at least from the structural perspective as to
why magnetic fluctuations are two dimensional and such
crossover occurs in CeCu6−xTx. The results presented
here provide a potential explanation to this puzzle. In the
case of the field tuned QCP achieved by suppressing an
antiferromagnetically ordered phase36,37, the HMM scal-
ing was found at the position of a magnetic ordering wave
vector–which is an equivalent wave vector to where we
find HMM scaling in CeCu5.8Ag0.2. Thus the results here
show that the nature of the QCPs are likely to be the
same, and independent of whether the tuning mechanism
is field or composition.
The existence of competing magnetic fluctuations is a
common feature of Ce-based QCPs. CeCu6−xAgx nonethe-
less differs from most other Ce-based QCPs as the fluctu-
ations are not well-separated in reciprocal space. A simi-
lar situation is also reported in the heavy fermion system
YbRh2Si2, in which ferromagnetic fluctuations compete
with slightly incommensurate antiferromagnetic fluctua-
tions and anomalous behavior such as a logarithmic diver-
gence of C/T and E/T scaling of the dynamic susceptibility
are observed near the QCP5,38 – as in CeCu6−xAgx and
CeCu6−xAux. Beyond these considerations, it is not en-
tirely clear how the fluctuation spectrum results in E/T
scaling. The simplest explanation would be to take the
separation of the fluctuation spectrum into two contribu-
tions at face value in which case the E/T scaling would be
the result of the interplay of critical and noncritical fluc-
tuations. The nature of the coupling between the order
parameters then becomes an important question39. How-
ever, there are other interesting possibilities. For exam-
ple, the fluctuation spectrum could be viewed as a collec-
tion of fluctuations to many different ordered states with
only one ultimately going critical. An energy landscape
corresponding to this scenario may explain the unusual
thermodynamic properties observed for CeCu6−xAux and
CeCu6−xAgx. This might produce a similar situation to
frustrated systems where E/T scaling and a fractional ex-
ponent are observed11. An additional possibility is that
there is a quantum Lifshitz point, although the available
predictions of thermodynamic properties do not lend cre-
dence to this idea40. Additional investigations as a func-
tion of composition and field will likely lead to deeper in-
sight into the origin of E/T scaling.
In conclusion, we performed extensive INS measure-
ments of the critical fluctuations of the antiferromagnetic
QCP in CeCu5.8Ag0.2 as a function of T, E, and Q. χ"
near the QCP displays an E/T scaling with an anomalous
exponent of 0.73(1). Analysis over a large region of
reciprocal space shows that there are at least three
magnetic fluctuations with similar spectral weights. The
portion of the fluctuation spectrum corresponding to the
magnetically ordered region of the phase diagram scales
as E/T3/2 demonstrating that the critical behavior in
CeCu5.8Ag0.2 is consistent with the conventional three
dimensional antiferromagnetic QCP, but more broadly
the presence of other fluctuations suggests that coupling
between order parameters plays in important role in the
quantum critical behavior of the class of QCPs exempli-
fied by CeCu5.8Ag0.2.
Methods
Material growth. A single crystal of CeCu5.8Ag0.2
was grown using the Czochralski technique. Starting
elements Ce (Ames Laboratory, purity = 99.998%), Cu
(Alpha Aesar, purity = 99.9999%), Ag (Alpha Aesar,
purity = 99.9999%) were melted in a stoichiometric
proportion. The Czochralski process was performed in a
tri-arc furnace with a graphite hearth. The furnace was
continuously purged with ultra high purity argon during
the growth. The hearth was rotated with a constant
speed of 100 revs/min. A seed rod was pulled with a
constant vertical speed of 20 mm/hr.
Inelastic Neutron Scattering measurements: In-
elastic neutron scattering measurements in the (H 0 L)
scattering plane of CeCu5.8Ag0.2 were carried out using
the cold neutron chopper spectrometer (CNCS) of the
Spallation Neutron Source (SNS) at Oak Ridge National
Laboratory (ORNL). The measurement was performed
with an incident energy (E i) of 2.5 meV, which results in
an elastic energy resolution of 0.07 meV. The crystal was
rotated in the scattering plane, and for each position of
the crystal, scattered neutrons were recorded by a large
set of detectors that covers a horizontal angular range of
−50◦ −+140◦ and ±16◦ in vertical direction. Additional
measurements were performed in the (H K 0) scatter-
ing plane using the Multi-Analyzer Crystal Spectrometer
6(MACS) at the NIST center for neutron research (NCNR). The measurements with MACS was carried out with a
fixed final energy (E f ) of 2.5 meV.
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1Supplemental materials for “Unveiling the role of competing fluctuations at an
unconventional quantum critical point”
EXPERIMENTAL DETAILS
Characterization
Figure S1(a) shows the single crystal synthesized us-
ing the Czochralski process. The top and bottom part of
the large single crystal were cut for energy dispersive x-
ray spectroscopy (EDX) measurements, which indicates
that both ends of the single crystal are homogeneous and
that the crystal has no compositional variation. The crys-
tal was aligned in the (H 0 L) scattering plane using the
alignment station (CG-1b) at the high flux isotope reac-
tor (HFIR) of Oak Ridge National Laboratory (ORNL).
The sample was mounted in a copper holder and was cov-
ered by a thin copper foil to maintain a uniform sample
temperature (Fig. S1(b)). A slice centered on the elas-
tic line of the neutron scattering measurements shows
well-indexed structural Bragg peaks attesting to the sin-
gle crystallinity of the sample (Fig. S1(c)). Heat capacity
(C) measurements were performed in a Quantum Design
physical property measurement system (PPMS) with the
3He option. Heat capacity at zero field shows a strong
divergence of heat capacity over temperature (C/T) indi-
cating that the sample is close to a QCP, Fig. S2. The
measurement is consistent with the literatureS1.
Neutron Scattering
The measurement in the (H 0 L) scattering plane
was carried out at eight different temperatures (0.25 K,
FIG. S1. (a) Single crystal of CeCu5.8Ag0.2 synthesized by the
Czochralski process. (b) Single crystal mounted in a copper sam-
ple holder prior to the INS measurement. The sample is pro-
tected by a thin copper foil heat shield to ensure a uniform tem-
perature in the sample. (c) Elastic neutron scattering measure-
ment showing structural Bragg peaks in the (H 0 L) scattering
plane. All major Bragg peaks are visible and can be indexed
confirming that the sample is a large single crystal.
FIG. S2. Heat capacity with zero magnetic field displaying a
divergence of C/T. The measurement is consistent with previous
studiesS1. The solid line is a fit to the functional form given in
the legend which has been used previously to describe the heat
capacity of CeCu6−xTx (T = Ag, Pd, Pt, Au) systemsS1,S2.
0.325 K, 0.5 K, 1 K, 2 K, 4 K, 25 K, 50 K). For each tem-
perature, the sample was rotated 110 degrees in the scat-
tering plane in one degree steps. The data acquisition sys-
tem at CNCS records time delay of each neutron in each
detector’s pixel for each angle measurement. The data
in each pixel was converted into a four dimensional data
set containing the dynamical correlation function S(Q,E),
using the computer program MantidS3. This reduction
process considers the detector tubes efficiency, normalizes
the data to total proton charge on target, and subtracts a
time-independent background. This reduction was per-
formed for each rotation angle. The set of S(Q,E) for all
sample rotations were combined into a single data set us-
ing the Horace software suiteS4.
The measurement in the (H K 0) scattering plane was
carried out at two temperatures (0.3 K , 50 K) using
MACS. For the measurement, the crystal and the de-
tector were moved in a coupled way to map out all four
quadrants of the scattering plane. Data analysis was per-
formed using the computer program DAVES5.
The data were sliced into two-dimensional color plots
(e.g., see Fig. 1 of the main paper), or cut as one-
dimensional plots along a selected E or Q axis.
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FIG. S3. (a,b,c) Constant energy slices at (a) 0.25 K (b) 4 K and (b) 50 K without a background correction. The slices are averaged
over E =[0.2,0.4] and K =[-0.2,0.2]. The scattering observed at 50 K is primarily background from different sources. The scattering
near Q= (1 0 ± 1), Q= (1 0 2), Q= (2 0 ±1) and Q=(0 0 2) is due to the low frequency tail of the structural Bragg peaks. (d,e) Cuts
at different temperatures along (d) [H 0 0] (e) [0 0 L] cut for the interval E =[0.2,0.4] and k =[-0.2,0.2]. (f) Cuts along E near Q= (1
0 0). (g,h) Cuts along E at Q= (0 0 1.3). The intensity at (0 0 1.3) and (1 0 2.5) does not vary with temperature. The Q-independent
background is taken from this wave-vector. (i) Energy cuts near the structural Brag peak Q= (2 0 0). The intensity of the scattering
increases at a high temperatures due the thermal population of phonons.
Background Subtraction
Constant E slices, without background subtraction,
with E= [0.2, 0.4] are shown in Figs. S3(a,b,c). Plots are
shown in Figs. S3(d), S3(e) and S3(f), which represent
cuts along H, L and E, respectively. The comparison of
the slices and cuts shows that the intensity near Q= (1 0
0) decreases with an increase in T, consistent with the as-
sumed magnetic nature of scattering. The magnetic scat-
tering disappears or becomes significantly weaker at 50
K. For all temperatures, a ring like structure is observed
at low-Q due to the low angle instrumental background.
The scattering along Q = [0 0 1.3], which is independent
of T and E as shown in Fig. S3(g)), is used to determine
the E dependence of the background. For instance, for
the scaling analysis presented in Fig. 2 of the main paper,
the non-magnetic background shown in the Fig. S3(g) has
been subtracted. As a check of consistency, we compare
the background intensity at Q = (0 0 1.3) with Q = (1 0
2.5), which is shown in Fig. S3(h)). The intensities be-
ing similar at two different regions of the scattering plane
having different scattering angles supports the choice of
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FIG. S4. (a) Constant E slice at 0.25 K cut with E = [0.075,0.275]. Background collected at 50 K is subtracted from the data. (b,c)
The best fit of equation 2 of the main paper to the Q slice obtained by (b) constraining the correlation lengths to differ by an order of
magnitude, and (c) without constraints on the correlation lengths.
FIG. S5. Reciprocal space geometry showing the relative ori-
entation of correlation length vector ξ with Q. ξ∥ and ξ⊥ are the
parallel and perpendicular components of the correlation length.
The parallel axis is at an angle θ0 from reciprocal space [H 0 0]
axis (crystallographic a axis in real space). Fitting the constant
E slice yields θ0 = 71◦. The magnetic scattering is centered at
Q0 = (QH0, 0, QL0). Q = (QH , 0, QL) is a wave vector in the
scattering pane.
the background.
The Q-dependence of the background can be obtained
from the measurement at 50 K. As shown in Fig. S3(c)),
the intensity near (1 0 0) is similar to the intensity near
QBG = (0 0 1.3), showing that the magnetic scattering
is almost completely suppressed at 50 K. This compari-
son provides credence to the choice of the 50 K data as
the background. Furthermore, we note that the 50 K
measurements were performed with the same experimen-
tal configurations (sample rotation angle, cryostat, sam-
ple orientation, etc.) and account for instrumental back-
ground and contributions to the background that involve
a scattering event in the sample. We note that the back-
ground near the (2 0 0) structural Bragg peak is affected
by phonons. As shown in Fig. S3(i), the intensity in-
creases at a higher T near the structural peak (2 0 0),
which is attributed to the thermal population of low en-
ergy phonons due to the Bose factor. For the scaling anal-
ysis, the regions that are heavily affected by the phonons
or the low-Q background are not used.
DIMENSIONALITY OF THE FLUCTUATIONS
Fig. S5 provides the geometry in the reciprocal space
showing the relative orientation of correlation length vec-
tors with Q.
We compared the measurement with eq. 2 of the main
paper under different assumptions (Fig. S4). As is sug-
gested in the literatureS6, we first made the assumption
that the fluctuations are two-dimensional in real space,
i.e., the correlation lengths along an arbitrary axis differ
by an order of magnitude perpendicular to the axis. And
since the critical wave-vector in CeCu6−xAgx is Q1 = (0.65
0 ±0.3), the fluctuations are expected to be peaked at Q1
and related regions Q1 = (1.35 0 ±0.3) of the scattering
plane. A fit of four 2D- Lorentzians each centered either of
(1.35 0 ±0.3), (0.65 0 ±0.3) was performed to the constant
energy slice. To verify the assumption that the fluctu-
ations are two-dimensional, the correlation lengths along
the parallel and perpendicular axis are constrained to dif-
fer by at least an order of magnitude. The best fit obtained
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FIG. S6. Real space correlation lengths of the magnetic fluctuations. (a,b) Energy dependence of correlation lengths for the fluctuation
centered at Q1 = (0.65 0 ±0.3) along (a) parallel (b) perpendicular to the axis. (c,d) Energy dependence of correlation lengths for the
fluctuation at Q2 = (1 0 0) along a and c axes.
under that assumption is shown in Fig. S4(b), which is
clearly different from the measured slice shown in Fig.
S4(a). When the constraints on the correlation lengths are
released, a slightly better fit is obtained (Fig. S4(c)), al-
though, the correlation lengths obtained from the fit are of
the same order of magnitude, which rules out the possibil-
ity that the fluctuations are two-dimensional (2D). There-
fore, the approach presented in the main paper, which
considers an additional non-critical magnetic fluctuation
is the simplest approach to describe the observed data.
The scattering therefore can be parametrized as an over-
lap of two fluctuations near a critical wave-vector Q1 =
(0.65 0 ±0.3) and a non-critical term Q2 = (1 0 0). Under
this assumption, the correlation lengths and the spectral
weight of each fluctuation are estimated from a fit of two
dimensional Lorentzian (eq. 2 of main paper) to the con-
stant E slices cut at different temperatures and energy
transfers. The estimated correlation lengths for the fluc-
tuations at Q1 and Q2 are shown in the Fig. S6.
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